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(57) Abstract 

Optical elements utilize multimode interference in a piece of an optical fiber (13) of multimode type having a core (P) in the shape of 
a ring or a tubular structure. Such a fiber (13) can be compared to a planar waveguide, the core of which has been bent about a longitudinal 
axis located at some distance from the core. Such an optical fiber can be optically excited having an excitation centre in a point on or at 
the annular core ( P) by coupling from a single-mode fiber (I"). Then different optical propagation modes are excited having approximately 
regular relations between their phase velocities so that, for example, for a suitable length of the fiber piece (13) a light intensity is obtained 
in the other end of the fiber piece (13) which is an approximate reflected image of the light intensity supplied at the input end of the fiber 
piece. Such an optical element can, for example, be used as a filter or as a passive 1 x N-coupler, where in the latter case the length of the 
fiber piece is adapted so that an N-fold image of the supplied light intensity is obtained at the output end of the fiber piece. 
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AN OPTICAL ELEMENT 

TECHNICAL FIELD 

The invention relates generally to passive optical components. 
BACKGROUND 

5 Optical communication of signals through optical fibres and other waveguides is used more 
and more, both locally in individual devices and in larger systems such as various types of 
networks for communicating information over large distances. In these devices and systems 
a need exists for different kinds of optical elements for performing various kinds of 
operations on the optical signals. An example of such elements comprises couplers for 

io transmitting an optical signal from a single waveguide to two different waveguides. Such 
couplers can be based on multimode interference in planar waveguides, see e.g. the 
summarizing article "Optical Multimode Interference Devices Based on Self-Imaging: 
Principles and Applications", L.B. Soldano and E.C.M. Pennings, Journal of Lightwave 
Technology, vol. 13, No. 4, April 1995, pages 615 - 627. In these known devices a 

is transversal multimode waveguide is excited in one point, whereby a multitude of optical or 
equivalently electromagnetic propagation modes are initiated. The modes propagate in the 
waveguide with different phase velocities and are at a cross-section of the waveguide, they 
are composed to an electromagnetic field distribution. Further, the field distributions differ 
much from each other in cross sections taken at different places along the longitudinal 

20 direction of the light waveguide. For example, one can obtain a rather exact copy of the 
exciting distribution, inverted distributions, multiple or multifold distributions, etc. For 
example, 1 x N couplers have been disclosed made of GaAs and InP based waveguides for 
values of N between 2 and 20. A probable disadvantage of such devices is that the 
reflectance of the waveguide laterally can be very significant and that it can be difficult to 

25 avoid losses and/or undesired phase variations in the reflection. 

In the Japanese patent application having the publication No. 60-225804 (application No. 
59-083579) it is disclosed how a piece of an optical fibre 6, 6' is coupled to another fibre 4 
at either side thereof, for selecting the optical mode which propagates in the fibre 4. The 
fibre 6, 6* has an annular core and is single-mode type, whereas the fibre 4 is common 
30 multimode type. 

In said patent application and the European patent application 0 387 740 optical fibres are 
disclosed having annular cores. These fibres are used for transmitting light existing in the 
shape of a single optical mode. 

DESCRIPTION OF THE INVENTION 
as It is an object of the invention to provide optical elements in which multimode interference 
is utilized and which have a simple construction and which can be manufactured in a 
relatively simple way. 
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For the multimode interference a piece of an optical fibre of multimode type is used, i.e. an 
optical fibre, in which, for the intended or considered wavelengths, a multitude of optical 
modes can propagate simultaneously. In principle, such a multimode fibre can allow 
multimode interference to take place like in a planar waveguide. However, all complications 

5 owing to lateral reflectance do not exist since there are no sides or surfaces by which the 
can be caused. In the preferred case the multimode fibre is an optical fibre having a core 
which has the shape of a ring or equivalently is a tubular structure. Such a fibre can be said 
to be similar to a planar waveguide which has been bent around a longitudinal axis in order 
to form a half of a circular tube and which is then completed with another similar half of a 

io circular tube in order to obtain a complete circular tube. The thickness of the annular core 
is in principle of the same magnitude of order as the thickness of the core of the 
corresponding planar waveguide. When such an optical fibre is excited optically, having an 
exciting centre located in a point at or close to the annular core, different optical 
propagation modes are initiated, which substantially have the same ratios of their phase 

15 velocities in relation to each other as the different modes in a corresponding planar 
waveguide. 

Generally, an optical element is provided, the main component of which is a piece of an 
optical fibre which in its general configuration can be a substantially conventional type. 
Thus, the fibre piece has a substantially cylindrical core together with a surrounding 

20 substantially cylindrical cladding. Further, a connection is provided to a light source at an 
end of the fibre piece, so that light emitted from the light source passes through the fibre 
piece. An output device receives light which has passed through the fibre piece, for 
providing this light to some other optical device, e.g. a receiving, detecting or evaluating 
device. In particular, the fibre piece should be multimode type and its connection be made 

25 in such a way that when coupled to a light source a multitude of optical modes of light are 
excited in the fibre piece. 

Further, the fibre piece should be designed and in particular its length should be adapted or 
chosen in such a way, that in the cross section at the end surface of the fibre piece at the 
output device a mode picture exists, i.e. a light intensity distribution, corresponding to the 

30 different modes existing at this end surface, which is a substantially true image or 
reproduction of the mode picture which exists at the cross section of the input end, and this 
condition should be fulfilled for at least some frequencies/wavelengths for or for some 
wavelength interval of the injected light. For example, the mode picture at the cross section 
at the end surface can be substantially a multiple image of the mode picture existing at the 

35 cross section of the input end. 

In the preferred case a ring shaped or tubular shaped core is provided in the fibre piece. 
The exterior and interior diameters of the core are then advantageously selected in such a 
way that the fibre piece for the considered wavelength range is multimode type in the 
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circumferential direction of the fibre piece in relation to the longitudinal axis thereof. 
Further, the fibre piece should be type single-mode radially, i.e. in directions extending 
perpendicularly from the axis of the fibre piece. 

Such an optical element can be used as for example a filter or as a sensor or a switch. In 
5 the latter case the output device can comprise an optical fibre of single-mode type. The 
connection and the output devices are designed and the length and shape of the fibre piece 
in an initial position are adapted in such a way that only light having a wavelength within a 
definite wavelength interval can be received by the output device. For a change of the 
length and/or the shape of the fibre piece from its initial state the mode pictures of light 
10 having wavelengths within the definite wavelength interval will be changed, so that the light 
within this interval is received with a modified intensity by the output device. The intensity 
at the cross section at the output device will in the preferred case be reduced significantly 
and can in certain cases almost vanish. 

When using the optical element as a 1 x N-coupler the connection can comprise an optical 
is fibre of single mode type and the output device can comprise N optical fibres of single- 
mode type, where the cores of the latter ones connect to different positions on the core of 
the fibre piece in its end surface at the connection. When using it as a 1 x 2-coupler the 
output device comprises advantageously two optical D-fibres of type single-mode, the flat 
surfaces thereof being located facing and contacting each other. 

20 DESCRIPTION OF THE DRAWINGS 
The invention will now be described in greater detail by way of non-limiting embodiments 
with reference to the accompanying drawings, in which: 

- Fig. 1 is a schematic perspective view of a piece of an optical multimode fibre of standard 
type, 

25 - Fig. 2 is a schematic perspective view of a piece of an optical multimode fibre having an 
annular core, 

- Fig. 3 is a schematic perspective view of a piece of an optical multimode fibre having an 
annular core coupled to an optical single mode fibre of standard type, 

- Fig. 4 is a partial view of an end surface which shows schematically a fight intensity 
30 distribution, 

• Fig. 5 shows the same view as Fig. 3, where the multimode fibre is coupled to another 
single mode fibre of standard type, 

- Fig. 6 shows the fibres of Fig. 5 connected to operate as a sensor, 

- Fig. 7 is a schematic elevational view of a 1 x 2 coupler built of a multimode fibre and 
35 two optical D-fibres of single mode type, 

- Fig. 8 is a section of the coupler according to Fig. 7 and 

- Fig. 9 is a section of a 1 x 4-coupler. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

In Fig. 1 a piece of an optical fibre of multimode type is illustrated. It comprises a centrally 
located core 1, which generally has cylindrical symmetry and has a diameter of between 
e.g. about 20 and 100 ^m for common wavelengths used in communication. The core 1 is 
5 surrounded by a cladding 3, which has an exterior circular-cylindrical surface and the 
material of which has a somewhat lower refractive index than that of the core 1. 

When, injecting light at one end 5 of the fibre piece light waves can propagate along the 
fibre piece. The particular conditions in the fibre piece which are related to the different 
limiting surfaces in radial directions, i.e. the variation of the refractive index which exists 

io when passing outwards from the geometric axis of the fibre piece, results in that the light 
propagates in definite modes. For a suitable wavelength and a suitable design of the fibre 
piece a multitude of such modes can be excited. The different modes have somewhat 
different propagation velocities. The general ratios of these propagation velocities in relation 
to each other can be determined by using the wave equation for suitable boundary 

is conditions. Generally, many densely located optical modes propagate simultaneously in an 
optical fibre. Thus optical modes are obtained associated both with the radial directions and 
with the circumferential or azimuthal direction. 

One way of reducing the number of possible optical modes is by using another configuration 
of the core of the optical fibre which limits the number of modes in one of the directions. It 

ao is suitably achieved by means of an optical fibre having an annular core as illustrated 
schematically in Fig. 2. The core 1 ' in such a fibre can typically have the same exterior 
diameter as the core of a multimode fibre according to Fig. 1 whereas the interior diameter 
is selected so that the optical fibre is single mode type radially. The thickness of the 
cylindrical core 1 ' is then of the same magnitude of order as the core diameter in single- 

25 mode fibre of standard type, of course always considered for some wavelength or some 
wavelength range. Inside the core V a cylindrical interior region is provided which has 
principally the same refractive index and composition as the region outside the annular core 

r. 

As in the planar case comprising a thin waveguide core having a cross section in the shape 
ao of an elongated rectangle, see the above cited article by L.B. Soldano et al., it appears that 
the general ratios of the propagation velocities in relation to each other, the phase velocities, 
of the different modes generally are approximately regular. Further, this regularity results 
in that a mode picture, which is injected in the cross section 5, more or less 
approximative^ will appear also in a cross section of the fibre piece at some distance of the 
35 first end surface, say at the cross section 7, which in the figures is the other end of the fibre 
piece. Thus, a light distribution over the cross section is here obtained which is 
approximately identical to that of the input cross section. In practical cases the waveguide 
piece illustrated in Fig. 2 has a length of a several centimetres. This figure and also the 
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following ones are not correct in scale and the fibres are illustrated having too large 
diameters for the sake of clarity. 

Further, in the cross section at 9, which is located centrally between the end surfaces 5 and 
7 of the fibre piece, a mode picture is obtained which is an approximative mirrored or 

s reflected image of the mode picture at the input end surface 5. The mirroring is made in a 
plane passing through the longitudinal axis of the fibre piece and which is perpendicular to a 
symmetry plane of the injected light distribution. In the same way, in cross sections located 
between the mentioned ones, such as at 11 in Fig. 1 , the mode picture can be obtained 
which is a two-fold image or reproduction of the mode picture at the input end. The 

to position angularly of this two-fold image is also here defined by said symmetry plane of the 
mode picture at the input surface. 

In Fig. 3 a piece 13 of a fibre is illustrated that has an annular core and is coupled to an 
optical single mode fibre 15 of standard type. Thus, the standard fibre 15 has a core 1" 
having a small diameter. The standard fibre 15 is coupled to the fibre piece 13 having an 

i6 annular core, so that the centre of the standard fibre 15 and thus its core 1" connects to or 
is located opposite to a portion of the annular core 1* in the fibre piece 13. When light 
propagates in the optical standard fibre 15, the light continues into the fibre piece 13 having 
an annular core and propagates therealong. If the fibre piece 13 has a suitable length thus a 
mirrored or reflected image of the light intensity at the input surface can be obtained. It is 

20 illustrated in the enlarged view of Fig. 4, where a light distribution is schematically 
indicated as a strongly luminous or bright region 17. 

The configuration of Fig. 3 can further be coupled to another optical fibre 19 of single- 
mode type, as is illustrated in Fig. 5. The coupling is made at a suitable position at the end 
surface of the fibre piece 13 having an annular core, e.g. in the cross section, where the 

25 mode picture is a mirrored image of the mode picture at the input surface. If now light is 
provided from the first optical fibre 15 of standard type, this light can be emitted further on 
to the second optical fibre 19 of single-mode type, but only for light of a definite 
wavelength interval. Thus, the device shown in Fig. 5 has filter characteristics. In order to 
further reinforce the filtering capability a multitude of fibre pieces 13 having 'annular cores 

30 can be placed a little offset in relation to each other in order to obtain a suitable coupling 
between the annular cores. 

If the fibre piece 13 of Fig. 5 having an annular core is deformed mechanically in some 
way, e.g. by being subjected to a bending as is illustrated by the arrow 20, this will 
interfere with the propagation of the optical modes in this fibre piece, and then the 
35 communication to the other standard fibre 19 of single-mode type can then be reduced. In 
this way a sensing operation is achieved. The use of such an arrangement is illustrated in 
Fig. 6 in a sensor installation. It comprises a light source 21 emitting light of a definite 
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wavelength to the optical single-mode fiber 15. Light from the second single-mode fibre 91 
is detected by a photo detector 23. In the case where the fibre piece 13 of multimode type is 
subjected to some mechanical influence such as a bending, the light transmission can be 
changed, what is sensed by the detector 23 which then can output an alarm signal. 

5 In Fig. 7 a passive 1 x 2-coupler is illustrated. Here, an optical fibre 15 of single mode 
type is provided, which as in Fig. 3 and 5 is coupled to a fibre piece 13* having an annular 
core. The length of the fibre piece 13' is now selected, so that the mode picture at the input 
surface thereof at the optical fibre 15 provides a two-fold image at the other end surface of 
the fibre piece 13\ At this end surface two optical D-fibres 20 of single mode type are 

io arranged having their flat surfaces located against each other. The cores of the D-fibres 27 
are located at a distance from each other which corresponds to the dimensions of the 
annular core of the fibre piece 13, so that a coupling of light is obtained from the fibre 
piece 13' to the two D-fibres 27, see also the sectional view of Fig. 8. Then the core l"' in 
one of the D-fibres 27 will be located substantially opposite to the core in the optical fibre 

15 15 of single-mode type, from which light is provided. The core of the other D-fibre has a 
diametrically opposite position, as seen in relation to the fibre piece 13\ The cores T'of 
the D-fibres 27 are thus located opposite regions of the annular core, which opposite 
regions are located along a diameter of the annular core fibre 13\ 

In the corresponding way a passive 1 x 4-coupler can be made. Instead of D-fibres 27 fibres 
20 29 are used having cross sections of an approximatively quadrant shape, i.e. which 
approximative^ have the shape of a quarter of a circle, where the core of each such fibre is 
located close to the point of the quadrant, as is illustrated in Fig. 9. 
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CLAIMS 

1. An optical element comprising a piece of an optical fibre, which has a substantially 
circular-cylindrical core together with a surrounding, substantially circular-cylindrical 
cladding, comprising a connection to a light source, so that light emitted from the light 
s source passes through the fibre piece, and further comprising an output device for receiving 
light, which has passed through the fibre piece, in order to be provided to another optical 
device, characterized in 

- that the fibre piece is multimode type and the connection is made in such a way that when 
connecting to a light source a multitude of optical modes of light are excited in the fibre 

to piece, and 

- that the length of the fibre piece is adapted in such a way that at the cross section of the 
end surface a mode picture exists which is substantially an image of the mode picture 
existing at the cross section of the input end, at least for some frequency of the provided 
light. 

15 2. An optical element according to claim 1, characterized in that the mode picture at the 
cross section of the end surface is substantially a multiple image of the mode picture 
existing at the cross section of the input end. 

3. An optical element comprising a piece of an optical fibre, comprising a connection to a 
light source, so that light emitted from the light source passes through the fibre piece, and 

20 further comprising an output device for receiving and/or detecting light which has passed 
through the fibre piece, characterized in that the fibre piece 

- is multimode type and 

- comprises an annular core. 

4. An optical element according to claim 3, characterized in that the fibre piece is 
25 multimode type in the circumferential direction, i.e. in the circular direction, where the 

circular direction is defined by a circle perpendicular to the axis of the fibre piece and the 
centre of the circle is located on this axis, and that the fibre piece is single mode type 
radially, i.e. in directions extending perpendicularly from the axis of the fibre piece. 

5. An optical element according to one of the previous claims to be used as a filter and 
30 intended to connected to a light source providing light thereto having a multitude of 

wavelengths, characterized in that the connection and the output device are arranged and 
the length of the fibre piece is adapted in such a way that light having wavelengths only 
within a definite wavelength interval can be received by the output device. 

6. An optical element according to one of the previous claims to be used as a sensor or a 
35 switch, characterized in that the output device comprises an optical fibre of single mode 

type and that the connection and the output devices are arranged and the length and shape of 
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the fibre piece in an initial state are adapted in such a way that only light having a 
wavelength within a definite wavelength interval can be received by the output device, 
whereas for a change of the length and/or the shape of the fibre piece from the initial state 
light having a wavelength within the definite wavelength interval is received with a changed 
5 intensity by the output device, in particular in such a way that the intensity is significantly 
reduced. 

7. An optical element according to one of the previous claims to be used as a 1 x N- 
coupler, characterized in that the connection comprises an optical fibre of single mode type 
and the output device comprises an optical fibre of single mode type, the cores of the latter 

io ones connecting to different positions on the core of the fibre piece in the end surface. 

8. An optical element according to claim 7 to be used as an 1 x 2-coupler, characterized in 
that the output device comprises two optical D-fibres of single mode type. 
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Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



